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Pulmonary microvascular injury has become a recently studied phenomenon that may be responsible for 
most of the complications associated with the lungs. Thirty patients undergoing partial hemilamin- 
ectomy or discectomy due to hernia of nucleus pulposus underwent Tc-99m HMPAO lung clearance as 
well as Tc-99m pertechnetate lung scintigraphy pre-operatively, and following general anaesthesia with 
halothane and isoflurane (third, fourth and tenth post-operative days). The results were compared with 
conventional techniques and haemodynamic parameters during the peri-operative period. In order to 
demonstrate acute phase changes under general anaesthesia and to perform pathological examinations, 
21 New Zealand rabbits underwent radionuclide studies with Tc-99m HMPAO or Tc-99m pertechnetate. 
Lung biopsies were also performed . Despite no significant differences in any of the conventional 
diagnostic techniques, Tc-99m pertechnetate lung scintigraphy was performed for both the halothane 
and isoflurane groups, and Tc-99m HMPAO lung clearance was performed for the isoflurane group pre- 
or post-operatively. Tc-99m HMPAO lung clearance was impaired significantly in the halothane group 
on the third post-operative day (half time: 6.4 f. 1.6 pre-operative and 13.76 & 3.3 s, WO.001) decreasing 
to pre-operative levels on the tenth post-operative day. Acute phase exposure to halothane was 
characterized with extremely abnormal Tc-99m HMPAO lung clearance in rabbits with respect to 
isoflurane, diminishing to control levels on the third day (half time: 8.7 f 86 control and 28.65 f 4.6, 
WO.001). Pathological examinations also demonstrated endothelial damage on acute exposure in the 
halothane group. 
General anaesthesia with halothane may give rise to alveolar microvascular injury, which generally 
seems to be underdiagnosed and may lead to serious post-operative complications. 
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Introduction 
Interest in lung function during general anaes- 
thesia arises because the incidence of pulmonary 
problems in clinical practice is high, and the lung 
itself is the site of uptake and elimination of 
volatile or gaseous anaesthetics (l-3). 
Pulmonary circulation can provide a protec- 
tive function by acting as a filter. Pulmonary 
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vascular endothelium maximizes contact 
between the blood and air, and also maximizes 
contact between the blood and the largest 
endothelial cell surface of the body. This exten- 
sive endothelial contact is now recognized as 
being the basis of one of the major non- 
respiratory functions of the lung - the ability to 
metabolize blood-borne substrates on their 
passage (43). 
Technetium-99m hexamethyl propylene amine 
oxime (Tc-99m HMPAO) has potential as a 
highly sensitive indicator for detecting early and 
minimal microvascular lung injuries. As it has 
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lipophilic characteristics, it may reflect accurate 
lung clearance and retention (6,7). 
This study aimed to assess the initial phase 
and the outcome of the lung injury following 
general anaesthesia with halothane or isoflurane 
in patients undergoing discectomy or hemilamin- 
ectomy, as well as experimentally in New 
Zealand rabbits. Tc-99m HMPAO lung clear- 
ance was employed as an indicator of early 
endothelial injury, and was compared with other 
conventional diagnostic techniques such as pul- 
monary function tests (PFT), arterial blood gas 
sampling or radiography, and experimentally 
with pathological evaluation. 
Materials and Methods 
Thirty patients (21 male, nine female) ranging in 
age from 27 to 65 years (mean 34.8 f 8.1 years) 
undergoing partial hemilaminectomy or discec- 
tomy because of the hernia of nucleus pulposus 
were included in the study. The study was 
approved by the Medical Research Ethical 
Committee, and informed consent was obtained 
from each patient. 
Following a detailed medical history, smoking 
patients were excluded from the study in order 
to prevent any interference with radionuclide 
studies (8). Patients with a history of hyperten- 
sion, diabetes or any disease of lung origin were 
also excluded from the study. Patients under- 
went a thorough physical examination, in par- 
ticular, evaluating the functional status of the 
lungs. Arterial blood gas samples and routine 
chest X-rays were examined meticulously. Blood 
biochemistry, urine analysis, haemograms and 
ECGs of each patient were also recorded. 
PULMONARY FUNCTION TESTS (PFTs) 
When testing the mechanical ventilatory func- 
tion of the lungs and chest wall, all patients 
underwent standard PFTs via spirometry 
(Autospiro Minato, AS 600 77682, Japan) 3 days 
before the operation and on the third post- 
operative day. They were also controlled on the 
tenth post-operative day as a complementary 
study to radionuclide tests. 
Forced expiratory volume in 1 s/forced vital 
capacity (FEV,/FVC), predicted FVC and per- 
cent of predicted forced expiratory flow rate 
calculated from 25 to 75% volume points 
(FEF25-75) were recorded. FEV,/FVC was used 
as a criterion for evaluating larger airway 
pathology, and FEF25-75 was used for smaller 
airway obstruction (9). 
RADIONUCLIDE IMAGING STUDY 
All of the 30 patients underwent Tc-99m 
HMPAO (Ceretec R, Amersham Int.) scinti- 
graphic study (3 days pre-operatively and third 
and tenth days post-operatively) for the evalu- 
ation of lung clearance (endothelial injury), as 
well as Tc-99m pertechnetate study (4 days pre- 
operatively and fourth day post-operative) for 
the comparison of results (epithelial injury) with 
Tc-99m HMPAO data. 
Tc-99m HMPAO 
HMPAO is a lipophilic technetium complex that 
freely crosses the intact blood-brain barrier and 
was first introduced for brain perfusion imaging. 
1n vitro studies have shown that HMPAO 
decomposition rate depends linearly on present 
glutathione concentrations. 
In the lung, Tc-99m HMPAO is presumably 
localized in the endothelium. This agent may 
have potential for showing altered kinetics or 
extraction due to endothelial damage, and 
therefore may be useful to evaluate endothelial 
function (6,10-12). 
Imaging Protocol 
After i.v. injection of 0.3 mCi kg - r dose Tc-99m 
HMPAO or 0.2 mCi kg - ’ dose Tc-99m pertech- 
netate via the antecubital vein, posterior sequen- 
tial images were collected at 1 s intervals for 
150 s, and subsequent images were obtained at 
60 s frame - ’ for 10 frames using a GE gamma 
camera interfaced with a Starcam 4000 com- 
puter, and were filtered with LEAP collimator 
in 64 x 64 matrices and 140 keV with a 20% 
window. Total imaging time was 12.5 min. Time- 
activity curves were acquired by setting irregular 
regions of interest (ROI) in the right lung. Half 
time of peak activity was calculated as t1/2 value 
and was proposed as the index for identifying 
lung injury. 
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ANAESTHESIA AND SURGERY 
Following the admittance of the unpremeditated 
patients into the operating theatre, an 18 G 
catheter was inserted on the dorsum of the right 
hand, and saline infusion was commenced. 
Heart rate and peripheral oxygen saturation 
were monitored continuously, and non-invasive 
blood pressure was monitored automatically 
(Protocol System Inc. Propaq 106 EL, Nellcor, 
U.S.A.) for every 10 min throughout the 
procedure. 
Anaesthesia was induced with thiopentone 
5-7mgkg-1 and fentany12 ,ug kg - ‘, and endo- 
tracheal intubation was facilitated with atracu- 
rium 0.5 mg kg-‘. Patients were ventilated 
with tidal volume of 10-l 5 ml kg - ’ on IPPV 
mode (Dameca, MCM 801, Denmark). Haemo- 
dynamic parameters were controlled, and 
patients were positioned (prone jackknife posi- 
tion) by the aid of additional equipment (Spinal 
frame Raylor, Cincinnati, U.S.A.). 
Patients were allocated into two groups at 
random. Anaesthesia was maintained with 70% 
nitrous oxide and 0.5-1.5% halothane in the first 
group (Group 1, n = 15 patients); and 70% 
nitrous oxide and O-5-1.5% isoflurane in the 
second group (Group 2, n= 15 patients). 
Arterial blood gases were sampled before the 
induction, 30 min after the induction, after extu- 
bation, and 6 and 24 h post-operatively via a 
radial artery catheter inserted in the operating 
theatre. 
At the end of the surgical procedure, patients 
were moved into the supine position and volatile 
gases were stopped. On breathing 100% oxygen, 
patients with sufficient respiration were extu- 
bated, and others were administered neostigmin 
2.5 mg and atropine 1 mg for the reversal of 
muscle relaxants. 
Patients were followed-up in the post- 
operative room for 24 h. Heart rate, fever, 
arterial blood pressure, respiratory rate, nausea 
and vomiting, and the need for additional 
analgesics were all monitored and recorded. 
Blood-urine biochemistry, haemograms, ECG 
and chest X-ray were repeated on the first post- 
operative day. 
Patients were followed in the wards and clini- 
cal outcome, and pulmonary complications were 
noted. Chest X-rays were also taken daily. On 
the third and fourth post-operative days, 
patients have undergone post-operative studies; 
PFTs and radionuclide studies. Patients were 
discharged on the fifth post-operative day. On 
the tenth post-operative day, Tc-99m HMPAO 
control study and PFTs were repeated for each 
patient. Due to the detection of no pathology in 
Tc-99m pertechnetate study on the fourth post- 
operative control in any of the patients, this 
study was not repeated. 
In order to demonstrate the acute phase 
changes under general anaesthesia and to have 
the chance to perform pathological examina- 
tions, an experimental complementary study Was 
designed. 
Twenty-one healthy male New Zealand rab- 
bits weighing 1250-1550 g (mean 1352 f 43 g) 
were included in the study. All animals received 
human care in compliance with the Principles of 
Laboratory Animal Care formulated by the 
National Society for Medical Research, and the 
Guide for the Care and Use of Laboratory 
Animals prepared by the National Academy of 
Sciences and published by the National Institute 
of Health (NIH Publication No: 80-23, revised 
1978). 
Heart rate and peripheral oxygen saturation 
of all the rabbits were monitored throughout the 
procedure (Protocol System Inc. Propaq 106 EL, 
Nellcor, U.S.A.). Seven rabbits that were not 
anaesthetized, i.e. the control group (Group l), 
were secured in the supine position on the table. 
24 G catheters were inserted via the auricular 
vein, six rabbits were administered 5 mCi 
Tc-99m HMPAO and one rabbit was adminis- 
tered 3 mC1 Tc-99m pertechnetate i.v. Following 
injection, 10 min of dynamic images were 
acquired. 
The remaining 14 rabbits were sedated with 
diazepam 1 mg kg - i and ketamine 15 mg kg - ’ 
i.m. (13). After they had been secured in the 
supine position on the table, 24 G catheters were 
inserted via the auricular vein. The rabbits were 
allocated into two groups, seven rabbits in each, 
to receive either 1+5-2.5% halothane (Group 2) 
or l-5-2.5 isoflurane (Group 3) via mask. Depth 
of anaesthesia was controlled by toe-pinch reflex 
(13). Following a 10 min stabilization period, 
12 rabbits were administered 5 mCi Tc-99m 
HMPAO i.v., and one rabbit from each group 
was administered 3 mCi Tc-99m pertechnetate. 
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Dynamic images were acquired for the following 
10 min. 
Lung biopsy was performed for two rabbits 
from each group after the completion of the 
radionuclide protocol in the first (early) study. 
In order to demonstrate late effects of volatile 
anaesthetics, the remaining 10 rabbits from 
Groups 2 and 3 underwent the same imaging 
protocol of Tc-99m HMPAO lung clearance 
after 3 days, taking care of the half-life of 
radiotracers (11). Lung biopsies were also per- 
formed for two rabbits from Groups 2 and 3 for 
this complementary study. The Tc-99m pertech- 
netate study was not repeated since no pathology 
was demonstrated in the first stage in Groups 2 
or 3. 
STATISTICAL ANALYSIS 
Data were analysed with respect to paired and 
unpaired t-tests, ANOVA and Wilcoxon rank 
test in SPSS for Windows-Release 5.0 computer 
program. 
Results 
There was no statistical difference with respect 
to demographic data (age, weight, height) or 
pre-operative clinical examinations (blood-urine 
biochemistry, haemograms, ECG, etc.) for the 
patients in the halothane and isoflurane groups 
(ANOVA). Also, pre-operative and post- 
operative clinical examinations and symptoms 
did not demonstrate any significant difference 
(Wilcoxon rank). 
Neither pre-operative nor post-operative 
PFTs (on the third and tenth days) of separate 
groups nor pre/post-operative PFTs within the 
same groups demonstrated any significant differ- 
ence. In the halothane group, FEV,/FVC was 
0.86 f 0.08 pre-operatively; 0.85 f 0.07, 0.82 f 
0.07 post-operatively. In the isoflurane group, 
FEV,/FVC was 0.89 f 0.09 pre-operatively and 
0.9 f 0.08 post-operatively (paired t-test). 
In the peri-operative period, no statistical 
differences were observed in haemodynamic 
parameters between or within the groups (heart 
rate, arterial blood pressure, peripheral oxygen 
saturation, ANOVA and unpaired t-test). 
Arterial blood gases sampled at different levels 
did not demonstrate any significant difference 
TABLE 1. Tc-99m HMPAO data (t1/2 in s) of the 
patients pre-operatively, and on the third and tenth 
post-operative days in the halothane group 
Pre Post-3 Post-10 
8.33 10.2 
6.66 11.7 
345 9.9 
5.78 22 
4.67 12.8 
7.98 15.9 
8.45 8.7 
4.23 11.2 
9.76 11.8 
4.45 9.2 
5.44 13 
6 14.7 
7.2 18 
8 10.7 
6.77 16.7 
4.22 13.4 
5 10.5 
3-99 13.7 
8.56 20 
7.78 12.8 
6.5 14.8 
7 14.5 
4 33 16.7 
6.5 15.8 
7 10.2 
4.66 14.6 
8.91 19 
6.67 16.8 
5.66 11.2 
8.1 12.4 
8.95 
7.1 
4.11 
5.5 
6.5 
7.5 
5.11 
9 
3.99 
6 
5.7 
6.99 
7.99 
7 
5.34 
4.87 
4.88 
7.85 
8 
6.7 
7.2 
4 
6.5 
5.6 
6-1 
7.99 
6.78 
7.7 
8 
within or between the groups (ANOVA and 
unpaired t-test). 
In the halothane group: PaO,, 83.4 % 
6.3 mmHg; PaCO,, 36.3 % 3.71 mmHg; pH, 
7.42 f 0.92 values were obtained before the 
induction; PaO,, 104.6 f 7.2 mmHg; PaCO,, 
33.5 f 4.2 mmHg; pH, 7.38 f 0.78 before extu- 
bation; PaO,, 76.3 f 6.9 mmHg; PaCO,, 33.4 f 
3.8 mmHg; pH, 7.42 f 0.87 6 h post-operation; 
and PaO,, 77.3 f 7.1 mmHg; PaCO,, 34.2 & 
3.6 mmHg; pH, 7.41 f 0.89 24 h post-operation. 
In the isoflurane group, PaO,, 88.4 f 
6.8 mmHg; PaCO,, 35.3 f 3.61 mmHg; pH, 
7.41 f 0.92 values were obtained before the 
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FIG. 1. Tc-99m HMPAO lung clearance of a patient from the halothane group demonstrating a significant 
difference between (a) pre-operative and (b) third post-operative day study, diminishing to (c) pre-operative 
levels on the tenth day of study. t1/2: 7.98, 15.9, 7.5 s, respectively. 
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FIG. 2. The comparison of third day post-operative (a) Tc-99m pertechnetate and (b) Tc-99m HMPAO data 
of a patient in the halothane group demonstrating a significant difference: t1/2 16.7 s in Tc-99m HMPAO and 
6.78 s in Tc-99m pertechnetate study. 
induction; PaO,, 108.6 f 6.9 mmHg; PaCO,, 
34.5 f 4.6 mmHg; pH, 7.39 f O-78 before extu- 
bation; PaO,, 81.3 f 6.9 mmHg; PaCO,, 
37.4 f 3.8 mmHg; pH, 7.40 f 0.87 6 h post- 
operation; and PaO,, 79.3 f 7.4 mmHg; PaCO,, 
36.2 f 3.7 mmHg; pH, 7.42 f 0.86 24 h post- 
operation. Post-operative follow-up was also 
uneventful for all patients. 
The Tc-99m pertechnetate study did not 
demonstrate any difference in any of the patients 
comparing pre-operative and post-operative 
data (paired t-test): t1/2: 6.77 f 1.3/6*34 f 1.25 s 
for the halothane group and t1/2: 6.11 & l-3/ 
6.35 f 1.3 for the isoflurane group. 
Tc-99m HMPAO clearance did not demon- 
strate any significant difference within pre- 
operative and post-operative data in the 
isoflurane group (paired t-test). t1/2: 7.11 =t 1.5 
was obtained pre-operatively, and tU2: 
6.95 f 1.55 was obtained post-operatively. 
Post-operative Tc-99m HMPAO lung clear- 
ance of the patients in the halothane group has 
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FIG. 3. Overall evaiuation of radionuclide studies (mean t1/2) within/between groups, demonstrating a 
significant increase in the halothane group on the third post-operative day. Solid bars, halothane; hatched 
bars, isoflurane. *P<O.OOl. Pert, Tc-99m pertechnetate; pre, pre-operative; post 3, third post-operative day; 
post 10, tenth post-operative day; HMPAO, Tc-99m hexamethyl propyl amine oxime. 
been abnormal with respect to pre-operative 
evaluation as well as in comparison with the 
isoflurane group (ANOVA, WO.001 and 
unpaired t-test BO.01). t1/2 6.4 & 1.6 was 
obtained pre-operatively; tU2: 13.76 f 3.3 3 days 
post-operation, and t1/2: 6.5 rt 1.3 10 days post- 
operation (Table 1). Figure 1 demonstrates the 
Tc-99m HMPAO study of a patient from the 
halothane group. 
The halothane group demonstrated impaired 
lung clearance with respect to the control group: 
tU2: 28.65 f 4.6 (P<O*OOl, unpaired t-test). 
However, these values diminished to control 
levels on the third day of evaluation: tl/2: 
8.52 f 1.55) (Fig. 4). Figure 5 summarizes the 
overall evaluation of the radionuclide imaging in 
the experimental study. 
There were statistically significant differences 
within the halothane group between the pre- 
operative-post-operative third day (paired 
t-test, P<O.OOl), post-operative third day- 
post-operative tenth day (P<O.OOl), and post- 
operative third day and isoflurane group post- 
operatively (unpaired t-test, P<O.OOl). The 
difference between Tc-99m HMPAO and 
Tc-99m pertechnetate lung clearance in a patient 
from the halothane group is demonstrated in 
Fig. 2. Figure 3 summarizes the change of lung 
clearance between/within groups with respect to 
radionuclide agents. 
Pathological evaluation demonstrated mini- 
mal changes in the isoflurane group with respect 
to the control group. However, endothelial 
injury in the halothane group was demonstra- 
tive. Narrowing of the vessels and destruction of 
the muscular layer were seen (Plate 1). 
Discussion 
Tc-99m pertechnetate lung clearance did not 
demonstrate any difference in any of the rabbits 
(ANOVA): control group tl/2: 8.2 f 0.80 s; 
halothane group t1/2: 7.99 i 0.85 s, isoflurane 
group tU2: 8.4 f 0.85 s. 
General anaesthesia results in alteration in the 
mechanical properties of both the lung and the 
chest wall, causing reduction in functional 
residual capacity (FRC) (14). Anaesthesia also 
results in an imbalance between the forces that 
oppose expansion, leading to an altered intrapul- 
monary gas distribution, both with spontaneous 
as well as with mechanical ventilation. 
Changes in the mechanical pro 
In the isotlurane group, there was no signifi- lung seem to be secondary to those in the chest 
cant difference in comparison with the control wall. Gas trapping may also be a contributory 
group according to Tc-99m HMPAO lung clear- factor (15). Effective post-operative analgesia 
ance (unpaired t-test): t112: 8.32 + 1.4 s (control: also minimizes the impairment of pulmonary 
8.7 f 0.86). function, aids in its recovery, and prevents 
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FIG. 4. Tc-99m HMPAO data of a rabbit from the 
halothane group demonstrating impaired lung clear- 
ance with respect o the control group. t1/2: 9.1 and 
32.5 s, respectively. 
post-operative pulmonary complications (16). 
For this reason, in the present study, patients 
with pulmonary problems, even smokers, were 
excluded, and meticulous control on post- 
operative analgesia was maintained. 
Following major surgery, there may be 
residual shunting through areas of pulmonary 
collapse, and restoration of a normal alveolar- 
arterial PaO, gradient may take a few days. This 
may be associated with a continued reduction 
in FRC (17). In order to eliminate this fact, 
post-operative studies were performed on the 
third day. 
Anaesthetics, muscle relaxants, pre-medicants 
and other drugs administered during anaesthesia 
may have a direct pharmacological effect on lung 
compliance, possibly by the construction of 
alveolar ducts or respiratory bronchioles (14,15). 
Pulmonary microvascular injury, due to 
volatile anaesthetics, has been one of the most 
underdiagnosed acute phenomenons that may 
lead to post-operative problems. Diminished 
pulmonary reserve, because of non-pulmonary 
and pulmonary risk factors before operation 
and/or restrictive ventilation, and abnormal 
patterns of breathing due to post-operative pain 
may aggravate these changes, leading to serious 
post-operative outcome. Early detection and 
correction of these changes may sometimes be 
beneficial or obligatory. 
Pulmonary function tests can be used to iden- 
tify different patterns of respiratory impairment. 
For diagnostic purposes, selecting a small 
number of tests is as useful as collecting a large 
number of highly correlated observations. How- 
ever, in clinical practice, reports of standard lung 
function tests concentrate initially on the pres- 
ence or absence of airflow obstruction, and on 
the presence of defective gas exchange (9). 
Although demonstrating microvascular injury in 
the radionuclide studies, PFTs did not indicate 
any pathology in any of the study patients. 
The pulmonary microvascular endothelium 
manifests structural and functional alterations 
following exposure to various agents. This 
endothelial damage is considered to be an early 
event in the development of severe lung injury. 
However, this injury is often difficult to detect 
due to the lack of a readily available marker. 
The availability of such a marker may aid in 
preventing subsequent lung injury (4,5). 
In the detection of microvascular injury of 
the lung, many radiopharmaceuticals were pro- 
posed, such as gallium 67 (Ga-67) Tc-99m 
diethylentriaminepentacetate (Tc-99m DTPA), 
I-123 Metaiodobenzylguanidine (I-123 MIBG), 
iodometamphetamine (I-123 IMP), I-123 
hydroxymethylisobenzylpropaneidiamine (I-123 
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FIG. 5. Overall evaluation of radionuclide studies (mean tU2) within/between groups in the experimental 
study demonstrating a significant increase in the halothane group. *P<O.OOl. Tc-99m pertechnetate (hatched 
bars) and Tc-99m hexamethyl propyl amine oxime (solid bars). Halothane 3, third day control study. 
PLATE 1. Pathological evaluation of a biopsy 
specimen of a rabbit lung after exposure to 
halothane (Haematoxylin and Eosin stain) 
demonstrating narrowing of vessel lumena 
indicating hyperplasia. 
HIPDM) and Tc-99m hexamethyl propylen 
amine oxime (Tc-99m HMPAO). I-123 MIBG 
was introduced as a metabolic marker of lung 
injury, as well as labelled amine compounds for 
detecting endothelial injury, such as I-123 IMP, 
I-123 HIPDM and Tc-99m HMPAO (1,7). 
Recent literature supports the role of 
HMPAO as a detector of early and minimal lung 
injury (1,6). In the lung, HMPAO is cleared with 
kinetics similar to soluble gases, such as CO,. 
Thirty percent of inhaled diamine is trapped 
in the epithelial and endothelial cells of the 
lung by the glutathione-dependent metabolic 
process (12). 
The clearance rate of Tc-99m IIMPAO 
(lipophilic tracer) in the fast phase is rapid, and 
depends on regional perfusion. On the other 
hand, hydrophillic tracers, i.e. Tc-99m pertech- 
netate, pass by an intercellular pathway, and 
clearance will be diffusion-limited. Therefore, 
Tc-99m HMPAO is an indicator of endothelial 
injury, whereas Tc-99m pertechnetate becomes 
the indicator of epithelial injury (18). 
For this reason, in order to verify the import- 
ance of Tc-99m HMPAO as an indicator of 
endothelial injury, a Tc-99m pertechnetate study 
was also performed, which showed results within 
the normal range. 
Abnormal lung uptake immediately after i.v. 
injection of the radiotracer is probably related 
to enhanced transport across the injured cell 
membrane of endothelium. 
Radionuclide studies also have some limi- 
tations. They are expensive and are not practical 
enough to use during the operations in order to 
understand acute peri-operative effects of anaes- 
thetics. In order to overcome these limitations 
in the present study, the animal-experimental 
model was used. The authors tried to extrapolate 
from these laboratory studies to the clinical 
situation, trying to demonstrate acute effects and 
pathological confirmation. 
The authors also tried to underline the 
differential diagnosis of epithelial or endothelial 
injury by using Tc-99m pertechnetate and 
pathology. 
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Unfortunately, this preliminary study includes 
small numbers of patients. However, encourag- 
ing results warrant further evaluation of differ- 
ent doses of anaesthetics, various surgery or 
appropriate operations that may be available 
for pathological confirmation. When increasing 
doses in groups of patients with pulmonary 
problems, pulmonary microvascular injury may 
lead to serious outcomes apparent in the clinical 
situation. Also, the mechanism of this pul- 
monary microvascular injury under exposure of 
volatile anaesthetics is still unclear. 
Consequently, the authors believe that radio- 
nuclide imaging protocols may serve as an 
additional or alternative way to detect lung 
injury - epithelial or endothelial - and may be 
beneficial complementary studies to PFTs as well 
as other conventional diagnostic techniques. The 
availability of these studies in predictive post- 
anaesthetic complications may help to illuminate 
newer trends in anaesthesia practice. 
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